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yuences of ionic binding in the various mus- 
cle phases. 

Summary. These in vitro experiments 
show that both magnesium and calcium in 
muscle can contribute to the buffering of pH. 
In low pH solutions there is a decrease in 
both calcium and magnesium, and in high pH 
solutions there is an increase in both calcium 
and magnesium in muscle. 
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The susceptibility of esophageal, gastric, 
and duodenal mucosa to acid peptic diges- 
tion depends upon pH and pepsin concentra- 
tion of the gastric juice, the mucous barrier. 
tissue vascularity, and inherent cellular re- 
sistance. Clinical and experimental evidence 
has shown abetment of the acid peptic ulcer 
diathesis by various drugs including reser- 
pine ( 1),  serotonin, cortisone ( 2  ) . pitressin 
(3) and nitroglycerin(4). I t  has been 
shown recently that reserpine increases sus- 
ceptibility of the esophageal mucosa to acid 
peptic digestion ( 5 ) .  

The first segment of the experiment con- 
cerned assessment of the role of serotonin, 
ACTH ( 6 )  and hydrocortisone( 7,8) which 
are released by reserpine. in the augmented 
sensitivity of the esophagus to injury by acid 
peptic juice. Pitressin, nitroglycerin, and 
chlorpromazine also were evaluated in this 
respect. 

In the second segment of the experiment. 
- _ _  . . _. . 
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the effect of reserpine, chlorpromazine, pit- 
ressin, and nitroglycerin on local esophageal 
blood flow was measured in an attempt to 
evaluate the importance of the vascular fac- 
tor in potentiation of acid peptic digestion. 
A modification of Saperstein's technic was 
utilized (9). 

Met hod. Adul t cats under pentobarbital 
anesthesia (30 mg/kg) were used. Respira- 
tion was maintained by means of an auto- 
niatic respirator through a cervical tracheos- 
tomy. In the first portion of the study, the 
animals were divided into 7 groups. The 
technic of periusion, with different segments 
of the same cat's esophagus as the control 
and test preparation was used ( 5 ) .  In Group 
5'4. however, separate cats were used for 
control and test preparation. In the latter 
croup, the perfusions using the same patient's 
gastric juice were started immediately after 
injecting pitressin intravenously into the test 
animal. At the end of the procedure, the 
inucosal surface of the esophagus was in- 
spected. On removal of the esophagus, de- 
gree of injury to both segments was graded 
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TAT3IJl 1 .  Ihig 1)os:rgc Schcdiile and Comparison of T)igwtion of Cont,rol :I nd Tcst Segmetits 
of Esophagus. 

(fratle of digestion 
No. o f  (‘ot1trol ‘I’mt 

G r o q  rirts 1)riigs l)osugc 0 I 2 :: 4 5 0 I 2 :5 4 5 

I 6 ACTH 25 mg 2 2 2  1 2 3  
6 Hydrocortisone 10 ” 3 1 2  1 3 2  

50 ” 2 3 4  2 2 5  
I1 
I11 9 
I V  6 Serotonin 10 ” 2 3 1  2 2 2  

9 Pitressin 20units 5 1 2 3 3 3  
20 ” *  2 6 3 1 1 2 1  5 3  

V 
V a  12pr 
VI 8 Nitroglycerin t 6 2  1 1 3  2 1  
VII  3 Thorazine 10 nig 1 1 1  1 1  1 

-- 

9 )  

9 )  

9 9  1 1 1  25 ” 1 1 1  
50 ” 1 1 1  1 2  9 9  

3 
3 

~ 

* Perfiisions started iiiiniediately after cats given pitressin. 
t Rcenuse of short action, drug given: .65 nig T.M. & T.V. :it start  of text. perfusion :ind :Lt 

60 min. with a .65 mg I.M. at 30 and 90 min. 

0 to 5+ ( 0  : no digestion; 5+ : perforation). 
All perfusions were done at a pressure of 20 
cm and a temperature of 37°C. 

In the second segment of the experiment, 
all cats were prepared with cervical trache- 
ostomy for maintenance of positive pressure 
respiration, cannulation of the right carotid 
artery and femoral vein, and exposure of the 
upper esophagus through a left thoracotomy. 
The animals were divided into 5 groups ac- 
cording to the intravenous medication: 1 )  
1 cc sterile H20; 2) 0.5 mg reserpine; 3) 25 
mg chlorpromazine; 4) 20 u pitressin; 5) 
0.65 mg nitroglycerin (intramuscularly and 
intravenously as in part I). 

After a 2 hour period for drug action, ar- 
terial blood was taken for hemoglobin deter- 
mination. Then 60 microcuries of K4z was 
injected rapidly into the femoral vein and 
simultaneously a continuous flow of blood 
from the arterial catheter was absorbed on a 
strip of No. 1 chromatography paper moving 
at  10 mm/sec. At least 30 seconds after 
injection, a full thickness segment of eso- 
phagus was excised and placed in a weighed 
cuvette. Separate segments of the paper 
strip representing 2 seconds and the esopha- 
geal specimen were counted for gamma activ- 
ity in a well-counter. The paper segments 
were analyzed for hemoglobin concentration, 
and each related to the original hemoglobin 
value. Number of counts per cc of blood 
and number of counts per gram esophageal 
tissue were then calculated. The area be- 
neath the arterial isotope flow curve was de- 

termined. Flow in the esophagus was calcu- 
lated by dividing number of counts per gram 
by this area, using the principle of the con- 
servation of material (the present method 
assumes no K42 in venous return). 

Results. ACTH, serotonin, 10 mg of hy- 
drocortisone and chlorpromazine in doses of 
10, 25, and 50 mg produced essentially no 
change in esophageal sensitivity to peptic 
perfusion. However, with nitroglycerin and 
pitressin, and the larger dose of hydrocorti- 
sone, marked increased susceptibility to pep- 
tic digestion was observed, nitroglycerin pro- 
ducing one perforation and pitressin, 3 per- 
forations. In fact, 7576, 77%? and 66% of 
the nitroglycerin, single pitressin and paired 
pitressin-treated esophagi respectively showed 
greater than 24- digestion of the drug-treated 
over the control side (Table I ) .  

Administration of reserpine, pitressin, and 
nitroglycerin were followed by observed de- 
creases in esophageal blood flow of 63, 35 
and 70% respectively. Esophageal blood 
flow was not changed by chlorpromazine. 
Cardiac output in reserpine and chlorpro- 
mazine groups was similar to the control, 
whereas pitressin and nitroglycerin produced 
a 10 and 20% fall in mean cardiac output, 
respectively . 

Discussion. The mechanism of increased 
susceptibility of esophageal mucma to acid 
peptic perfusion induced by reserpine is ob- 
scure. A possible explanation is that the en- 
dogenous substances released upon reserpine 
administration are the toxic agents respon- 
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sible for lowered tissue resistance. This pos- 
sibility seems to have been excluded by the 
present study. A more likely mechanism 
could be a change of vascular flow resulting 
in tissue hypoxia, which makes the mucosa 
vulnerable to digestion. Several previous ob- 
servations support this contention. Decreased 
catechol amines in the peripheral vessels. 
with subsequent increased sensitivity to sym- 
pathetic discharge. is known to occur as a 
reaction to reserpine ( 10.1 1 ) . -4 peripheral 
vascular alteration has previously been pro- 
posed showing potentiation of peptic ulcer 
formation in cats and dogs given pitressin 
and nitroglycerin in addition to histamine in 
beeswax( 3,4). Lowered tissue blood flow 
seems to be the common pathway of en- 
hanced mucosal susceptibility to acid peptic 
digestion following administration of reser- 
pine, pitressin and nitroglycerin. The pos- 
sibility of a direct effect of these drugs on 
cellular metabolism is not excluded ; how- 
ever, the large flow changes observed suggest 
this as the more likely explanation. Chlor- 
promazine does not alter local esophageal 
blood flow nor enhance acid peptic digestion 
of the esophagus. 

Conclusions. Tissue resistance to peptic 
digestion is decreased significantly by pitres- 

sin and nitroglycerin and by large doses of 
hydrocortisone. Reserpine, pitressin and ni- 
troglycerin produced decreased esophageal 
blood flow. These experiments suggest defi- 
nitely that decrease in blood flow abets the 
ulcer diathesis. 
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